Three Salmonella minnesota rough mutants were found to be more sensitive to the bactericidal action of antibody and complement than was the parent smooth strain. The antibodies involved were shown to be against components which are all present in the smooth parent strain and are not identical with the lipopolysaccharides isolated by the phenol-water extraction procedure. The lipopolysaccharide of the smooth strain was shown to confer resistance by blocking access of antibody to the sensitive antigens.
The remarkably rapid lethal action of fresh vertebrate serum for some strains of gam-negative bacteria has been known for many years. It is accepted that this depends on the combined action ofantimicrobial antibody and complement. Further understanding of this phenomenon was facilitated by an improved assay method in which the concentration of complement is kept constant while the sensitizing antibody is diluted (4) .
Many workers have noted that a change from S to R form by these bacteria is accompanied by an increase in sensitivity to this bactericidal action (5, 6, 9) . Since this S to R change involves loss of the smooth lipopolysaccharide, and, since this substance can inhibit an otherwise strong bactericidal effect, evidence that antibody against the O antigen is an important component of the bactericidal reaction, and that the 0 antigen is the bacterial substrate on which it acts (6, 8) , has increased. Mergenhagen recently found that a bactericidal system produced very regular holes in sensitive bacteria, as seen by electron microscopy, and that the isolated lipopolysaccharide was similarly affected (1). Many bacteria have very complex antigenic compositions; before we can completely understand the mechanism of serum bactericidal reactions, we must know whether antibodies against one or several antigenic components are required and whether the molecular efficiency of each antigen-antibody combination is similar. Any satisfactory explanation must take into account the fact that two strains of bacteria with qualitatively the same antigenic makeup may vary greatly in sensitivity (7) . The invariably greater sensitivity of R mutants, compared to the S strains from which they were derived, must also be explained. This paper describes work directed to an understanding of the increased sensitivity of several R mutants which originated from a single smooth S. minnesota strain.
MATERAL AND MErHoDs
Strains. The four strains used were all kindly provided by Otto Lulderitz of the Max-Planck Institut fur Immunbiologie in Freiburg, Germany. They are desigted Salmonella minnesota 218S and three R mutants of progressively increasing roughness R,, R7, and R595 (3) .
Mouse antisera. Antisera to each of these strains were prepared by injecting large groups of mice intrperitoneally with 108 living organisms suspended in complete Freunds adjuvant, followed at weekly intervals with four further injections of the same dose of organisms suspended in saline. The mice were bled about 10 days after the last injection, and the sera from each group were pooled and stored in 1-mi amounts at -20 C.
Bactericidal assays. These were prepared by the method of Michael et al. (4) with minor modifications. Fresh guinea pig serum was used as a source of complement and was absorbed each day at 0 C with approximately 10' living organisms of the strain against which the assay was to be attempted, to remove any specific antibodies. After centrifugation, the serum was sterilized by filtration through an 0.8-m,umembrane filter (Millipore Corp., Bedford, Mass.) and was diluted 1:5 with 0.15 M phosphate buffer (pH 7.4) containing 0.02% MgCl,. The test organisms were also diluted in this buffer to contain an estimated 2 X 104 organisms/ml. Equal volumes of this mixture and the dilute absorbed guinea pig serum were mixed in bulk and kept at 0 C. The assay tubes were arranged to contain 1-ml amounts of antiserum dilutions, usually to cover 10-fold steps from 10-1 to were made at this time, by using 0.1-ml samples, to confirm that the numbers of organisms were identical in all tubes. The rack of tubes was then removed from ice and placed in a water bath at 37 C. Viable counts were again made by using 0.1 ml from each tube, after 2.5 hr of incubation.
Quantitative precipitin tests. The techniques were as described in Kabat and Mayer (2) . The precipitates were analyzed for nitrogen by using the micro Kjeldahl procedure.
Quantitative antibody absorption tests. Suspensions of the various organisms harvested from overnight growth on nutrient agar plates were used. The organisms were washed twice in saline and finally suspended in MgCI2-saline to knowi dry-weights.
Lipopolysaccharides were kindly supplied by 0. Luderitz.
REsuLTs
Bactericidal activity. Each serum was tested against each of the four organisms for bactericidal activity. Table 1 shows that each antiserum was equally effective against the three rough strains, but that none of the sera could kill the smooth 218S strain. Surprisingly, the antiserum raised against 218S was as effective as the homologous sera in killing the rough strains.
Cross-absorption tests. Several experiments were carried out to find whether the antibodies involved in these bactericidal reactions were specific for each of the rough mutants. For example, 0.1 ml of the 218S antiserum was diluted to 1 ml with MgC12-saline and absorbed at 0 C for 1 hr with 2.5 mg (dry weight) of live R7 bacteria. The suspension was centrifuged at 4,000 rev/min for 15 min, then sterilized by filtration. This absorbed serum was then assayed versus R5 and R7 (Fig. 2) amounts of precipitate were filtered through membrane filters and tested for bactericidal activity against the homologous organisms. All were found to be as active as the original unprecipitated antisera.
Precipitation of R595 serum with lipopolysaccharides of all four strains. A series of tubes was set up to contain 0.5 ml of R595 antiserum in each, together with amounts of the four lipopolysaccharides ranging from 20 to 300 ,ug. After 4 days at 0 C, only those tubes containing 595 lipopolysaccharide showed any significant precipitates. All the tubes were centrifuged at 3,000 rev/min, and the supernatant fluids were tested for bactericidal activity against R 55 . All of these killed R595 at a final dilution of 1:5,000 compared to the control unabsorbed serum which was active at 1 :10,000 dilution.
Quantitative absorptior of 218S antiserum with strains 218S and R7 The previous experiments demonstrated that the 218S antiserum possessed antibodies against the 218S lipopolysaccharides, but removal of these antibodies by precipitation did not affect the bactericidal ability of the residual serum. Attempts were made to absorb the 218S serum with known amounts of 218S or R7 bacteria and to compare the bactericidal powers of the remaining sera. One-milliliter amounts of 218S serum diluted 1 to 10 with MgCl2 saline were absorbed in the cold for 1 hr with various known quantities of the washed 218S or R7 organisms. The suspensions were then centrifuged at 11,000 rev/min for 20 min, the supernatant fluids were filtered through membrane filters and tested against R7 in the usual bactericidal assay. Figure 3 shows the results of these tests at the 1:2,000 dilution; Fig. 4 gives the data obtained 
DIscussIoN
Several clear conclusions can be drawn from these results. Since the antiserum versus 218S is as active against the R mutants as those raised against the rough mutants, we must presume that the 218S strain contains the antigen or antigens with which the bactericidal antibody reacts on the surface of the rough strains. Also, it seems most unlikely that these antigens are identical with the lipopolysaccharides isolated from the rough strains by phenol-water extraction, because the supernatant fluids from quantitative precipitin reactions using these lipopolysaccharides as antigens were as active in the bactericidal tests as the original unprecipitated antisera. It seems much more likely that these antigenic components, which are clearly important in the bactericidal sensitivity of these rough organisms, are structures which are not readily accessible in the smooth 218S strain. They are probably obscured by the coating of smooth lipopolysaccharide. This is substantiated by the finding that the bactericidal activity of the 218S antiserum cannot be absorbed onto the homologous smooth organisms, whereas similar quantities of a rough organism R7 will readily absorb 100% of the activity (see Fig. 3 and 4) . In 657, 1968) that smooth S. adelaide, which is killed by the action of specific antibody and complement, can be sensitized by chemically coupling protein antigens to the surface. These organisms, which then have a coat of a completely unrelated antigen, such as bovine serum albumin, are susceptible to killing by the specific antiprotein antibody and complement. The efficiency of this passively acquired sensitivity is inversely proportional to the dimensions of the attached antigenic molecule. In other words, an organism which is basically sensitive to the bactericidal reaction can be rendered sensitive to antibodies which react only with attached heterologous antigens, provided that the antigen-antibody complex is able to fix or activate complement very close to the bacterial membranes. A similar hypothesis was advanced by Muschel (5) ; and the present results serve to emphasize the validity of his ideas.
